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® To provide a liquid crystal composition which has a low resistivity value, requires little electric current and 
has a low threshold drive voltage. A liquid crystal composition comprising at least one compound represented by 
general formula (I) and at least one compound represented by general formula (II) wherein Ri and R2 represent 
each C1-C10 alkyl or C2-C10 alkenyl; Si to S3 represent each -F, -CHF2-, -OCHF 2 , -CF3 or -OCF3; Zt and Z 2 
represent each -Z 3 -(C) 0 -Z4.- (wherein Z 3 and Z4 represent each -COO-, -CH 2 CH 2 -, -CH = CH- t ethynylene or a 
single bond), -COO-, -CH 2 CH 2 -, -CH = CH-, ethynylene or a single bond; A, B and C represent each a trans- 
cyclohexane or benzene ring; I, m and n represent each 0 or 1 provided that (I + m + n) £ 1; Z5 represents -COO- 
. -CH2CH2-, -CH = CH- or a single bond; X1 represents -F, -CF 3 , -OCF 3 . -CHF 2 . -OCHF 2 or -CN; and Yi 
represents -H or -F. 
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A liquid crystal composition and a liquid crystal display element using the same 
Technical field 

5 This invention relates to a liquid crystal composition for liquid crystal display elements and a liquid 

crystal display element using the same. More particularly, it relates to a nematic liquid crystal composition 
for a liquid crystal display of active matrix mode needing a high reliability, and a liquid crystal display 
element using the same. 

to Background art 

As a theme for developing LCD (liquid crystal display device), two points of high precision (high 
contrast) and high speed response have been mentioned and researched including its display method. 
Among them, active matrix LCD (AM- LCD) including TFT (thin film transistor) has been advanced in the 

75 coloration and high precision and expected as a prospective winner of flat pannel display. However, its 
precision, response speed, picture surface size. etc. are far inferior to those of CRT which has been now 
most popularized among displays. Thus, vigorous research has been made on various elements constituting 
AM-LCD such as driving circuit, switching element, color filter, etc. Further, for liquid crystal materials, there 
have been required characteristics which can not be satisfied by conventional material systems having 

20 cyano group such as biphenyl systems, PCH systems, etc. 

The present inventors have been considering that cyano group of terminal group or side chain has a 
certain mutual action upon ionic impurities present in display element to thereby have a bad influence upon 
current value, specific resistance value and hence display contrast, as disclosed in Japanese patent 
application laid-open No. Hei 2-289682. The drawback of the compound having cyano group consists in 

25 that.as a reduction of reliability in element, increase in the consumed current and reduction in the specific 
resistance are led, coupled with the driving current of two-terminal or three- terminal switch element, and 
display uneveness and reduction in the contrast are caused in the aspect of display characteristic. 

For example, the contrast in TFT liquid crystal display element, shown in Fig. 1 is closely related to its 
signal voltage-retaining characteristic. This signal voltage-retaining characteristic of the liquid crystal display 

30 element refer to a degree of reduction in the signal voltage impressed onto TFT pixel containing liquid 
crystal within a definite frame period. In the case where the reduction in the signal voltage is absent, the 
contrast reduction does not occur. Further, as to the signal voltage-retaining characteristic, the lower the 
storage capacity (Cs) provided in parallel to the liquid crystal and the specific resistance of the liquid crystal 
(LC) or the signal voltage-retention, the worse the characteristic synergistically. In particular, when the 

35 specific resistance of the liquid crystal or the signal voltage-retention is lower than the lower limit values 
thereof, the signal voltage-retaining characteristic of the display element becomes exponentially worse, to 
thereby extremely reduce the contrast. In particular, in the case where no storage capacity is added for the 
reason of simplification of TFT production steps, or the like, contribution of the storage capacity cannot be 
expected, and as much, a liquid crystal composition having a high specific resistance or signal vottage- 

40 retention percentage is particularly required. 

Herein, the signal voltage-retention of the liquid crystal composition having a large influence upon the 
signal voltage-retaining characteristic of the liquid crystal display element, and its measurement will be 
described. Using the circuit illustrated in Fig. 2, the signal voltage-retention of a cell having the liquid crystal 
composition filled therein is measured. The liquid crystal cell is measured using transparent electrodes and 

45 a glass substrate having an aligned membrane. Next, the waveform at the time of the measurement is 
illustrated in Fig. 3. The slant line portion refers to a practically observed wave form. The signal voltage- 
retention is expressed by the following equation: 

Signal voltage-retention = (Vi -ti-t2-V 2 )/[(Vi)x(ti -£>)] 

50 

Herein, (Vi -ti -t2-V2) shows the slant line portion in Fig. 3, (Vi) shows a source votage and (ti-b) shows an 
impressed time. From such a viewpoint, a liquid crystal composition for AM-LCD composed only of 
compounds having no cyano group is disclosed in the above-mentioned Japanese patent application laid- 
open No. Hei 2-289682. Further, among compositions included in TN compositions disclosed in Japanese 
55 patent application laid-open No. Sho 63-61083, particularly compositions composed only of compounds 
having no cyano group have been so often used for AM-LCD. 

However, LCDs using such compositions have high threshold voltage so that they are unsuitable to low 
voltage drive; hence 5V single drive is difficult; thus they are insufficient as a display which is a portable 
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device of battery drive. Further, they have drawbacks that the viscosity is so high that the response time is 
slow and the display grade in the display of moving picture is lowered and they cannot correspond to 
mouse or scroll in the OA use applications. 

Disclosure of the Invention 

The object of the present invention is to provide a liquid crystal composition having a relatively low 
viscosity and a low threshold voltage, while maintaining a high specific resistance value and a low 
consumption current, and a liquid crystal display device using the liquid crystal composition, which device 
has a high reliability and a relatively short response time and effects a low votage drive. 

The present invention consists in a liquid crystal composition characterized by containing the following 
first component and second component, and a liquid crystal display element using the liquid crystal 
composition: 

First component 

at least one member of compounds expressed by the formula (I): 



wherein Ri represents an alky! group of 1 to 10 carbon atoms or an alkenyl group of 2 to 10 carbon atoms 
(one or two not-adjacent carbon atoms in these groups may be substituted by oxygen atom, -CO- or -COO- 
). 

Si, S2 and S 3 may be the same or different and each represent fluorine atom, -CHF 2 , -OCHF2, -CFa or 
-OCF 3 , 

Zi and Z 2 may be the same or different and each represent -Z3-(C) n -Z4- (wherein Z3 and Z* may be 
the same or different and each represent -COO-, -CH 2 CH 2 -, -CH = CH-, ethynylene group or single bond), 
-COO-, -CH 2 CH 2 -,-CH = CH-, ethynylene group or single bond, 

A, B and C may be the same or different, and each represent trans-cyclohexane ring: 




,S 



(I) 




(one or two or more not-adjacent = CH 2 -s may be substituted by oxygen atom), or benzene ring 




(one or two or more = CH-s in the ring may be substituted by nitrogen atom, and the hydrogen atoms in the 
ring may be substituted by fluorine atoms), and 

I, m and n are the same or different, and each are 0 or 1 and I + m + n£1), 



EP0 656 412 A1 



Second component 

at least one member of compounds expressed by the formula (II): 




wherein R2 represents an alkyl group of 1 to 10C or an alkenyl group of 2 to 10C (wherein one or two not- 
adjacent carbon atoms in these groups may be substituted by oxygen atom, -CO- or -COO-), 

2 5 represents -COO, -CH2CH2-, -CH = CH- or single bond, 

xi represents F, -CF 3 , -OCF 3 or -CHF 2 , 

Y1 represents H or F 

(wherein when Zs is single bond and X1 is F. Yt cannot be H). 
Brief description of the drawings 

Fig. 1 shows an equivalent circuit of TFT display element. 

Rg. 2 shows a circuit for measuring the signal voltage-retention of liquid crystal cell. 
Rg. 3 shows the driving wave form and measured waveform at the time of measuring the signal voltage- 
retention 



Description of the Symbols 
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Gate electrode 
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Source electrode 


D 


Drain electrode 


c s 


Storage capacity 


LC 


Liquid crystal 


v G 


Scanning signal 


v s 


Display signal 




Direct current voltage 



Embodiments of the Invention 



As the first component of the present invention, at least one member of compounds expressed by the 
formula (I), but having the following definitions, are preferably used: 

Ri represents an alkyl group of 1 to 10C (wherein one or two not-adjacent carbon atoms in 

this group may be substituted by oxygen atom), 
Z1 and Z2 may be the same or different and each represent -Z 3 -(C) n -Z* (wherein Z 3 and Z4 may be 

the same or different and each represent -COO-, -CH 2 CH 2 -, -CH = CH- or single bond), 

-COO-. -CH2CH2-. -CH = CH- or single bond, 
A, B and C may be the same or different, and each represent trans-cyclohexane ring or benzene ring 

(H atoms in these rings may be sustituted by F atom) and other symbols are as defined 

above. 

As the second component of the present invention, at (east one of compounds expressed by the formula 
(II), but having the following definitions, are preferably used: 

R2 represents an alkyl group of 1 to 10C (wherein one or two not-adjacent carbon atoms in this group 
may be substituted by oxygen atom), and 

Xi represents -F, -CF 3 or -OCF 3 (other symbols are as defined above). 
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The above formula (I) can be concretely represented by the following formulas (la), (lb) and (Ic): 
Formula (la): 



10 Formula (lb): 




R 1 -A-Z 10 -^O>-S 2 (ia) 



S 1 




R 1 — A ~ Z ! 1 -B-Zl 2 -<0)-S 2 (lb) 

^3 



and Formula (Ic); 

20 



R n — A— Z 13 — B— Z 14 — D— Z 15 — ^-S 2 (Ic) 

S 3 

In the above formula (la), 

Zi 0 represents -COO-, -CH 2 CH 2 -, -CH = CH-, ethynylene group or single bond (other symbols are as 

defined above). 
In the above formula (lb), 

Zn and Z12 may be the same or different, and each represent -COO-, -CH2CH2-, -CH = CH-, 

ethynylene group or single bond (other symbols are as defined above). 
In the general formula (Ic), 

Z13 represents -Zi 6 -(C) 0 -Zi7-, -COO-, -CH 2 CH 2 -, -CH=CH-, ethynylene group or 

single bond, 

Z14, Z15. Zig and Z17 may be the same or different, and each represent -COO-, -CH2CH2-, 

-CH = CH-, ethynylene group or single bond, 
D has the same definition as that of A in the formula (I). 

Preferable examples of compounds expressed by the formula (la) are as follows: 



50 
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<i-<«>- 



TFP 



(Ia1A) 



10 



15 



20 



^ CH 2 CH 2 — TFP (Ial B) 



TFP 



(lalC) 



R 1 — CH 2 CH 2 — TFP (Ia1 D) 



^— COO 



TFP 



(IalE) 



40 



45 



50 
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COO TFP (ialF) 



h — — CH=CH — TFP (IalG) 



R 1 — <§y-CH=CH— TFP (IalH) 



I, Chc— TFP (Ial I) 



— C=C— TFP (Ia1 J) 



R 1 — (¥^~DDP (Ia2A) 



R 



1 — (^i)"" CH 2 CH 2 — DDP (Ia2 B) 



R-,— DDP (Ia2C) 



R 



1 — -^^h-CH 2 CH 2 — DDP (Ia2D) 



R 1 — ^)— COO DDP (Ia2E) 
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*1 — ^ — COO DDP <Ia2F) 



R 1 — CH=CH— DDP (Ia2G) 



— — CH=CH — DDP (Ia2H) 



— (O)— C=C— TFP (Ia2I) 



^ — (O)— C=C — TFP (Ia2J) 



^ — ^H^— DOP (Ia3A) 



1 — (k}— CH 2 CH 2 — DOP (Ia3B) 



DOP (Ia3C) 



n — {C^— CH 2 CH 2 — DOP (Ia3D) 



(11^— COO DOP (Ia3E) 
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20 



^ — {^)— COO DOP (Ia3F) 



^ — (h^— CH=CH— DOP (Ia3G) 



R-j — — CH=CH — DOP (Ia3H) 



^ — (O)— C^C— DOP (Ia3I) 



R 1 — ^ — C=C — DOP (Ia3 J) 



—(h)— TDP (Ia4A) 



R 



n — (J*}— CH 2 CH 2 — TDP (Ia4B) 



R 1 — @)— TDP (Ia4C) 



R 1 — CH 2 CH 2 — TDP (Ia4D) 



^ — {h}— COO TDP (Ia4E) 



10 



EP 0 656 412 A1 



R 1 -h^^— COO TDP (Ia4F) 



R 1 — (^)— CH=CH — TDP (Ia4G) 



^ — CH=CH— TDP (Ia4H) 



h — ©>— C=C— DOP (Ia4I) 



R 1 — C=C— DOP (Ia4J) 



^ — (h)— TOP (Ia5A) 



^ — ^H^— CH 2 CH 2 — TOP (Ia5B) 



— @)— TOP (Ia5C) 



R 



1 — CH 2 CH 2 — TOP (Ia5D) 



^—(^—€00 TOP (Ia5E) 
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R 1 — ((5)— COO TOP (Ia5F) 

R n — (j^y — CH=CH — TOP (Ia5G) 

R 1 — <(0>— CH=CH— TOP (Ia5H) 

R-l— C=C— TOP (Ia5I) 

R-j — (^^—C-C — TOP (Ia5J) 

R!— (h)— DTP (Ia6A) 

R 1 — ^H^— CH 2 CH 2 — DTP (Ia6B) 

*1— °TP (Ia6C) 

R 1~^^~ CH 2 CH 2 — ^ (Ia6D) 

R 1 — {hV— COO DTP (Ia6E) 
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R 1 --^^— COO DTP (Ia6F) 



^ — — CH=CH — DTP (Ia6G) 



— <(0)— ™=CH— DTP (Ia6H) 



^ — (C^~ C=C— DTP (Ia6I) 



^ —^)^C=C— DTP (Ta6 J) 



^ — ^H^— TTP (Ia7A) 



^ — (j*)— CH 2 CH 2 — TTP (Ia7B) 



TTP (Ia7C) 



t n — (C^~ CH 2 CH 2 — DTP (Ia7D) 



R 1 — ^H^— COO TTP (Ia7E) 
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h - " CO ° (Ia7F) 



^— CH=CH— TTP (Ia7G) 



— CH=CH— TTP (Ia7H) 



— <Q^— C=C— TTP (Ia7I) 

R 1~^0)— C=C— TTP (i a7J) 

In the above formulas, TFP, DDP, DO P. TDP, TOP, DTP and TTP, each represent the following 
structural formulas: 



TFP: 




DDP; 



:o>-* 

F 



,F 

0)-CHF 2 




DOP 



F 

OCHF 2 

F 



TDP: 
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TOP: 



DTP: 



T T P : 




The above symbols have the same meanings in the following all formulas, and among the above 
compounds, the following compounds are preferably used: 




(Ia1A) 



(Ia1B) 



(Ia5A) 
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— (h)— CH 2 CH 2 — TOP (Ia5B) , 



Among the above compounds, those wherein Ri is a linear alkyl group or a linear alkoxy group of 1 to 10C 
are preferable, and those wherein Ri is a linear alkyl group or a linear alkoxy group of 1 to 5C are 
particularly preferable. 

Preferable concrete examples of compounds expressed by the above formulas (lb) are as follows: 

TFP (Ib1A) 



^ — (h)— CH 2 CH 2 — <5)— TFP (Ibl B) 



R 1 CH 2 CH 2~ TFP ( Ib1 C > 



— {h)— CH 2 CH 2 -<g)— TFP (Ibl D) 
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R, — ©— CH 2 CH 2 — @>— TFP (Ibl F) 



R 1 -®-®> -CH 2 CH 2 — TFP (Ib1 G) 



R-, — (Hy-COO^-(Q}— TFP (Ib1 J) 



R 1 ~{h)-^>— COO— TFP (Ibl K) 



R-, — @>— COO— TFP (Ib1 L) 



R 1 — @M§)— COO— TFP (IblM) 



— (^)— CH=CH— (h)— TFP (Ibl N) 



R 1 — ^H^-^h)— CH=CH— TFP (IblO) 



R-j — ^h)— CH=CH— TFP (Ib1 P) 



R 1 — CH=CH— TFP (Ib1Q) 



17 



EP 0 6S6 412 A1 



R-,— ©— CH=CH— @)— TFP (Ib1R) 



— CH=CH— TFP (lb 1 S) 



R 1~~ ^^" TFP (Ib1T) 



t 1 — ^Hy~^H^— C=C— TFP (IblU) 



R n — {^)— C=C— TFP (Ib1 V) 



R 1 — Oy-W- C=C— TFP (IblW) 



R-, — (C^— C=C— TFP (Ibl X) 



R 1 — (&~(<5)— C=C— TFP (IblY) 



R 1~©~© — TFP (Ib1Z) 



R l — (h^— ^H^— DDP (Ib2A) 
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^ — (h)— CH 2 CH 2 — (h)— DDP (Ib2B) 



l 1 — ^H^-^H^— CH 2 CH 2 — DDP (Ib2C) 



^-^h)— CH 2 CH 2 — <Q>— DDP (Ib2D) 



l 1~ CH 2 CH 2 — DDP (Ib2E) 



h^® - CH 2 CH 2 -<§)-DDP (Ib2F) 



t 1 — @>-<§>— CH 2 CH 2 — DDP (Ib2G) 



l 1 — (h)— COO— (7>— DDP (Ib2H) 



l 1 — (h)— <5)— co °— DDP (Ib2I) 



^— ^h)— COO— DDP (Ib2J) 



R.,— (h)-®— COO— DDP (Ib2K) 
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R 1 — ©>— COO— DDP (Ib2L) 



R 1 co °— DDP (Ib2M) 



R n — ^F)— CH=CH— ^h)— DDP (Ib2N) 



R 1 — (h^-^H^— CH=CH— DDP (Ib20) 



R 1 "^(h^— CH=CH— ((3}— DDP (Ib2P) 



R 1 — ^H^— CH=CH— DDP (Ib2Q) 



R 1 — CH=CH— ^C^-DDP (Ib2R) 



R 1 — ^ — ^ — CH=CH — DDP (Ib2S) 



R 1 — ^H^-^f^— DDP ( Ib2T) 



R 1 — < H }~\ H y — C=C — DDP (Ib2U) 
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t,— (h^— CSC— @)— DDP (Ib2V) 

! 1 —(h^—^^— CSC— DDP (Ib2W) 

1,— @>~C=C--@— DDP (Ib2X) 

©— @— C=C— DDP (Ib2Y) 

1~®M§>— DDP (Ib2Z) 

.,— (h)— (h)— DOP (Ib3A) 

. 1 — (^)— CH 2 CH 2 — ^h)~ DOP (Ib3B) 

1~ (*L)~ CH 2 CH 2~~ D0P (Ib3C) 

— (h)— CH 2 CH 2 -H^^— DOP (Ib3D) 

1 — ^H)— CH 2 CH 2 — DOP (Ib3E) 

21 
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R } — (O)— CH 2 CH 2 — <g)^-DOP (Ib3F) 



R 1 — CH 2 CH 2 — DOP (Ib3G) 



R 1 — ^h)~ COO— {h)— DOP (Ib3H) 



R 1 — ( H )— ( H >— COO— DOP (Ib3I) 



R 1 — ^H^—COO--^^— DOP (Ib3J) 



R 1 —^h)—^^— COO— DOP (Ib3K) 



R., — @>— COO— @>— MP (Ib3L) 



R 1~ @)—@)— C00 — DOP (Ib3M) 



R n — (h)~ CH=CH— ^H^— DOP (Ib3N) 



R 



1 "KZ) - (^)~ CH=CH— DOP (Ib30) 



22 
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R-, — ^h)^CH=CH— DOP (Ib3P) 



R 1 — CH=CH— DOP (Ib3Q) 



— @)— CH=CH~^^— DOP (Ib3R) 



R-j — (^) — ^ — CH=CH — DOP (Ib3S) 



R 1 — ^h)— DOP (Ib3T) 



R-j — ( H >— ( H )— C=C— DOP (Ib3U) 



R 1 — ^H^— C=C— DOP (Ib3V) 



R 1 — (^)M^O)^-C=C— DOP (Ib3W) 



R-, — @— C5C--@-DOP (Ib3X) 



R 1 ~ c = c ~ 0011 (Ib3Y) 



23 
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R-,— <§Hg>— DOP (Ib32) 



R 1 — (H^— (h^— TDP (Ib4A) 



R 1 — (H^— CH 2 CH 2 — (h)— TDP (Ib4B) 



R 1 — (hV-^H^— CH 2 CH 2 — TDP (Ib4C) 



R-,— (H^— CH 2 CH 2 — TDP (Ib4D) 



R 1 — (h)— CH 2 CH 2 — TDP (Ib4E) 



R-, — CH 2 CH 2 — @>— TDP (Ib4F) 



R.,— @— CH 2 CH 2 — TDP (Ib4G) 



R 1 — ^h)— COO— ^h)— TDP (Ib4H) 



R 1 — {h)— ^H)— COO— TDP (Ib4I) 



24 
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R l~ (h)— COO— @>— TDP (Ib4J) 



R 1 C0 °— TDP (Ib4K) 



Rt —^)— COO— TDP (Ib4L) 



R l ~~ COO— TDP (Ib4M) 



R 1 —^h)— CH=CH— ^H^— TDP (Ib4N) 



R-j — — (J!} — CH=CH — TDP (Ib40) 



R 1 — ^H^— CH=CH--^^— TDP (Ib4P) 



R 1 — — ^ — CH=CH — TDP (Ib4Q) 



R 1 — — CH=CH — ^ — TDP (Ib4R) 



R 1 — (<3)~ CH-CH— TDP (Ib4S) 



25 
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R 1 _ KE^~ < ® — TDP (Ib4T) 



H — (h)— (H^— C=C— TDP (Ib4U) 



K } — (h)— C=C— ©— TDP (Ib4V) 



R,— ^H^— CSC— TDP (Ib4W) 



R-l — @)— C=C— TDP (Ib4X) 



R 1~" C=C— TDP (Ib4Y) 



R!— <§)H§)— TDP (Ib4Z) 



R l~ (h)^— TOP (Ib5A) 



R n — ^h)— CH 2 CH 2 — ^H)— TOP (Ib5B) 



R-,— (h)— ^H)— CH 2 CH 2 — TOP (Ib5C) 



26 
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— (h)— CH 2 CH 2 -<@— TOP (Ib5D) 



R l ~~ CH 2 CH 2 — TOP (Ib5E) 



Rt—^^— CH 2 CH 2 — @— TOP (Ib5F) 



R 1 ~ CH 2 CH 2 — TOP (IbSG) 



R! —(h)— COO— ^h)— TOP (Ib5H) 
R 1 — — (h^— COO — TOP (Ib5I) 



R n — (")— COO— @>— TOP (Ib5 J) 



R-)— (h)— @>— COO— TOP (Ib5K) 



R-|— COO— TOP (Ib5L) 



R 1~ COO— TOP (Ib5M) 
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R^~r^Hy- CH=CH— (h)— TOP (IbSN) 



R., — — (j^y — CH=CH — TOP (Ib50) 



R-j — {h)~ CH=CH— @)— TOP (Ib5P) 



R-| ~" ^ — CH=CH — TOP (Ib5Q) 



R 1 — <^~CH=CH— TOP (Ib5R) 



R-,— @)— CH=CH— TOP (Ib5S) 



R,— {j*}— TOP (Ib5T) 



R 1 — (h)— C^C— TOP (Ib5U) 



R-, — (TT>-C=C— TOP (Ib5V) 



R 1 — {h^-h^— C=C— TOP (Ib5W) 
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C=C— @>— TOP (Ib5X) 



R 1 ~*^©^ H © H ~ CHC — TOP (Ib5Y) 



R l~ i ©H§)~ TOP < Ib5Z > 



R 1 — (h)-^H^— DTP (Ib6A) 



R 1 — CH 2 CH 2 — ^h)— DTP (Ib6B) 



R 1 — (h^— (^)— CH 2 CH 2 — DTP (Ib6C) 



R 1 — ^H)— CH 2 CH 2 — DTP (Ib6D) 



R n — CH 2 CH 2 — @K-DTP (Ib6F) 



R 1 — CH 2 CH 2 — DTP (Ib6G) 
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^—^H^— COO— (h^— DTP (Ib6H) 



i.,— (h)— (h)— COO— DTP (Ib6I) 



t-,— (h)— COO— @>— DTP (Ib6J) 



t,— COO— DTP (Ib6K) 



4 — @>— COO— @>— DTP (Ib6L) 



t 1 —^^—^^— COO— DTP (Ib6M) 



^— (h)— CH=CH— ^H^-DTP (Ib6N) 



< H V- < H V- CH=CH— DTP (Ib60) 



^— (h)— CH=CH— DTP (Ib6P) 



X 1 —(h)— CH=CH— DTP (Ib6Q) 
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— {C^— CH=CH— ((5)— DTP (Ib6R) 

l 1 — ($5)— (§)— CH=CH— OTP (Ib6S) 

I.,— (h)-@— DTP (Ib6T) 

t 1 — (^)— CSC— DTP (Ib6U) 

^ — (h)— C=C— (C^— DTP (Ib6V) 

^—^H^—^^— C=C— DTP (Ib6W) 

h-<§)— C=C— <g>— DTP (Ib6X) 

h~ @>— C=C— DTP (Ib6Y) 

^— <§)-@>-DTP (Ib6Z) 

I 1 — (TT)— (h)— TTP (Ib7 A) 
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R 1 — (^)— CH 2 CH 2 -^h)— TTP (Ib7B) 



R 1 — (h}-(h)— CH 2 CH 2 — TTP (Ib7C) 
R 1 — (h)— CH 2 CH 2 — @>— TTP (Ib7D) 



R l" - ®~~© — CH 2 CH 2 — TTP (Ib7E) 



R n -<§)— CH 2 CH 2 — <§>— TTP (Ib7F) 



R 1 _ @M§)-CH 2 CH 2 — TTP (Ib7G) 



R 1 — <5)— COO— (h)— TTP (Ib7H) 



R 1 — (h)— (h)— COO— TTP (Ib7I) 



R 1 — <T>— COO-^g>-TTP (Ib7J) 



Rt-^h)-©)— COO— TTP (Ib7K) 
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R-,— ®— COO-@— TTP (Ib7L) 



R 1 — <§M§)^-COO— TTP (lb7M) 



r 1~^h)— CH=CH— (5)— TTP (Ib7N) 



(h^— (h}~ CH=CH— TTP (Ib70) 



R n — (uy-CH=CH— ((5)— TTP (Ib7P) 



R 



1 CH=CH— TT p (Ib7Q) 



RT — ^O)— CH=CH— TTP (Ib7R) 



R-, — @)— CH=CH— TTP (Ib7S) 



R l -^(h)-^>— TTP (Ib7T) 



R 1 — (h)~ {h^— C=C— TTP (Ib7U) 
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R 1— (h)— C=C-<0>-TTP (Ib7V) 

R 1— (*[)-<§>— C =C— TTP (Ib7W) 

R -| — <§^~ c = c ~ ®~ TTP (Ib7X) 

R 1 — (O)— C=C — TTP (Ib7Y) 

R n -<§>-<§>-TTP (Ib7Z) 

Among the above compounds, the following compounds are preferably used: 

R l —(2)-^®-™? (Ibl A) 

R 1 ~<h}- CH 2 CH 2-{S)-TFP (Ib1 B) 

R 1~~®~{Z)~ CH 2 CH 2~ TFP (IbIC) 
R l~{^)-CH 2 CH 2 -Hg>~TFP (Ib1D) 
Rl — (h)-^h)-COO— TFP (ibl I) 
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R 1 — {^)— CCXD— TFP (Ib1 K) 



R 1 —^H^CH=CH—^H^— TFP (Ib1 N) 



*1 —^h)--^H^-»CH=CH— TFP (Ib1 0) 



R 1 — ^h)— TFP (Ib1T) 



R 1 — — ^ — C=C — TFP (Ibl W) 



R 1 ~<0)-<0>-TFP (Ibl 2) 



R 1— (h^-^H^— TOP (Ib5A) 



R n — ^)— CH 2 CH 2 — ^H^— TOP (Ib5B) 



R n —(h)- ^h)— CH 2 CH 2 — TOP (Ib5C) 



R 1 —(h)— CH 2 CH 2 — TOP (Ib5D) 
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R i ~<5>-(h}~coo-top (Ib5I) 

R 1~^®-<^- COO -TOP (i b5K) 

R 1 -<h)^ CH = CH -(h>-TOP (ib5N) 

R 1 -^h)-^h)-ch=CH— TOP (ibSO) 

R 1~<H)~<g>_TOP dbST) 

R 1 -^H)-@>-C=C— TTP (Ib5W) 

Rl~ <§)-^)— TOP (Ib5Z) 

Among the above compounds, the following compounds are preferably used: 

R 1 ~<5)-(£)- TFP (Ibl A) 

R l ~{h)- c H2 CH 2-{E) _TFP < Ib1 B > 




(IbIC) 



(IblT) 
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(Ib5A) 



R 1 — (h^-CH 2 CH 2~"® — ^ < Ib5B ) 



R 1 ~ \iL)~ C H 2 CH 2 — TOP (Ib5C) 



Ri— (h)-@-top 



(Ib5T) 



Among the above compounds, those wherein Ri is a linear alkyl group or a linear alkoxy group of 1 to 
10C, particularly those wherein Rt is a linear alkyl group or a linear alkoxy group of 1 to 5C are preferable. 
Preferable concrete examples of compounds expressed by the above formula (Ic) are as follows: 



(Id A) 



R 1 — — (i) — CH 2 CH 2 — CK) — TFP < Ic1B ) 



R 1 -{h>-{h)h^-tfp 



(IcID) 
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(Ic2A) 



— ( H >-< H V- CH 0 CH 



2 — (^)— DDP (Ic2B) 



20 



(Ic2D) 



(Ic2G) 



(Ic3A) 



R 1 -<^HyH(5)^ {Ic3B) 
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R 1 — (h)-{h)— ©— MP (Ic3D) 



20 



(Ic3G) 



(Ic4A) 



r i ~XZ)^(E^ CH 2^^ (Ic4B) 



(Ic4D) 



R 1"KEH®^ CH 2 OT 2-^©— TDP {Ic4E) 
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(Ic4G) 



(Ic5A) 



(Ic5B) 



(Ic5C) 



(Ic5D) 



(Ic5E) 



(Ic5F) 



(Ic5G) 



(Ic6A) 



(Ic6B) 
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(Ic6D) 



R 1 ~^L?~^L)~ CH 2 CH 2~@)~ DTP (Ic6E) 



20 



30 



(Ic7A) 



R 1 -h(h)hh(h^ (Ic7B) 



45 



(Ic7D) 



50 



H " H ®^®^ CH 2 C ^^ (Ic7E) 



55 
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5 




(Ic7F) 



(Ic7G) 



10 ' - 

Among the above compounds, the following compounds are preferably used: 



75 



20 



25 



30 



35 



40 




45 

Among the above compounds, those wherein Ri is a linear alkyl group or a linear alkoxy group of 1 to 
10C, particularly those wherein Ri is a linear alky) group or a linear alkoxy group of 1 to 5C, are preferable. 

The compounds expressed by the formula (I) are known as described in for example, Japanese patent 
so application laid-open No. Sho 2-233626, and have characteristics of a high clearing point, a broad liquid 
crystal phase, a low viscosity and a relatively large dielectric anisotropy. 

Among the compounds expressed by the formula (I), those wherein Ri of the above formulas (lb1A), 
(lb1B) and (lb1C) is a linear alkyl group of 3C (propyl group) are named IAa, IBs and IC3, and mixtures of 
these compounds with commercially available cyclohexanebenzonitrile group liquid crystal ZLI-1132 (made 
55 by E. Merck; hereinafter abbreviated to "Commercially available liquid crystal 32") are each named IAa(P), 
IB3(P) and IC3(P), and the values of physical properties thereof are shown in Table 1. 
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Table 1 



Mixture part by weight 




I A, CP) 


I B» CP) 


I C, CP) 


Commer- 
cially 
available 
L.C.32 


I A, 


1 6 








I B, 




1 5 






I C, 






1 5 




Commercially 
available 
L.C.32 


85 


85 


85 


100 


Characteristics 


M.P. Mp(°C) 


<-20 


<-20 


<-20 




Clearing 
point 

Cp(°C) 


72.4 
C72 . 4) 


7 1.0 
C6 3 . 1) 


73.4 
C78. 1) 


72.4 


Refractive 
anisotropy 

An 


0. 130 
CO . 13 0) 


0.125 
CO . 0 57) 


0.128 
CO . 08 4) 


0.137 



40 

* The values in the parentheses 
refer to extrapolated values. 

45 

In addition, the numeral values in the parentheses of Table 1 were sought according to extraporation 
method, regarding that the values of physical properties of the mixtures are additive as regards the mixing 
weight. 

Preferable concrete examples of the compounds expressed by the above formula (II), as the second 
so component of the present invention are as follows: 



55 
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R 2 — (H^— CH 2 CH 2 — DFP (IA) 

r 2 — (h)— DFP (fl B) 

R 2 — <5}~ co °— F (EC) 

R 2~(E>-<§>- a? 3 <n D) 

R 2~ ®~ < @ > " OCF 3 < DE > 

R 2 — (H^-CH 2 CH 2 — (O)— F (H G) 

r 2~{h)— ch 2 ch 2 — <0>-cf 3 (DH) 

R 2~ H S K " CH 2 CH 2~ ©~~ < n X > 
R 2~^S^§) — CHF 2 < n J > 

44 



EP 0 656 412 A1 



^®~©-OCHF 2 (IK) 

R 2~<W>-CH 2 CH 2 -^-CHF 2 ( „ L) 

R 2~<H>-CH 2 CH 2 -<g>-OCHF 2 ( D M) 

R 2~<E>- C0 0-@>-DFP ( n N) 

In the above formulas, R 2 is as defined above, and DFP represents the following formula: 

F 

Among the above compounds, the following compounds are preferably used: 

R 2-(">- CH 2 CH 2- DFP (DA) 



R 2 — (h)— DFP 



R 2 — (^)— COO— F 



(fl B) 



(DC) 



R 2-<H>^@>-CF3 (nD) 

Among the above compounds, those wherein R2 is a linear alkyl group or an alkoxy group of 1 to 10C 
are preferable, and particularly those wherein R 2 is a linear alkyl group or a linear alkoxy group of 1 to 7C 
are preferable. 
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Among the compounds expressed by the formula (II), compounds wherein Ffe of the above formulas 
(IIA), (MB) and (llC)is a linear alkyl group of 5C (pentyl group) are respectively named IIAs, IIB5 and IIC5, 
and the values of physical properties (extrapolated values) in the case where these compounds were 
dissolved in a quantity of 15% by weight in a commercially available cyclohexanebenzonitrile group liquid 
crystal ZLI-1083 (made by E. Merck: hereinafter abbreviated to "commercially available liquid crystal 83") 
are shown in Table 2. 



Table 2 





IIAs 


IIBs 


MCs 


Nl CO 


-47,3 


-52.7 


9.3 


120 (CP) 


-8.2 


-12.2 


-8.2 


An 


0.007 


-0.007 


0.033 


Ac 


10.9 


10.9 


9.6 



As apparent from Table 2, any of these compounds exhibit physically common properties such as a 
positive dielectric anisotropy of 9.6 to 10.9, a low viscosity of -8.2 to -12.2 cp, etc. Further, they have a very 
low specific resistance. For practical use, the proportion of these compounds used in the liquid crystal 
composition of the present invention is suitably 30% by weight, taking into account, lowering of clearing 
point accompanying the addition of these compounds, etc. 

The compounds expressed by the formula (II) are known as disclosed in for example, Japanese patent 
application laid-open Nos. Het 2-111734 and Sho 61-207347 and WO 8902884. 

The liquid crystal composition of the present invention may contain the following third component 
besides the above first component and second component: 

Third component 

At least one member of compounds expressed by the formula (III): 

/Y 2 

R 3-^^2 6 -A-Z 7 -Hgy~X 2 m ) 



wherein 

R 3 is as defined by Ri of the formula (I), 

A is as defined by A of the formula (I), 

Z 6 represents -COO, -CH2CH2-, -CH = CH- or single bond, 

Z 7 represents -COO-, -CH 2 CH 2 -, -CH = CH-, ethynylene group or single bond, 

X2 represents F, -CF 3 , -OCF 3 , -CHF 2 or -OCHF 2( and 

Y 2 is as defined by Y1 of the formula (II). 
Namely, one of the liquid crystal compositions of the present invention contains the above first 
component, second component and third component. 

As the third component of the present invention, there is preferably used at least one of compounds of 
the formula (III) wherein 

Ra represents an alkyl group of 1 to 10C (wherein one or two not-adjacent carbon atoms in the group 

may be substituted by oxygen atom), 
A represents trans-cyclohexane ring or benzene ring (the hydrogen atom in these rings may be 

substituted by F), and 
X2 represents F atom or -CF 3 (other symbols are as defined above). 
Preferable concrete examples of the compounds expressed by the above formula (III) are as follows: 
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5 



70 



15 



20 



25 



30 



35 



40 



45 



50 
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R 3 — ^H^-CH 2 CH 2 --^H^-DFP {ffi B) 

R 3 — (h)— (O)— DFP (flIC) 

R 3 — (h^— ^H^— CH 2 CH 2 — DFP (HI D) 

R 3 — (h)-(h)^@— F (IE) 

R 3"KE^ OT 2 OT 2~{E^ < ©^ F (I3[I G) 

R 3~®^~^2i)~~ CH 2 CH 2 — F (Iff H) 

r 3 H^h)-h^H@)— OCF 3 (ffl J) 

^■^(E^®^® - CHF 2 ( 111 K) 

R 3"KEK5)"^" CHF 2 ( 21 L) 
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(DIM) 



(din) 



(mo) 



20 



R 3-(E>-<g)-@-OCHF 2 



R 3~ CH 2 CH 2~ ' (]*) > ~^r^ — CF 3 



(ID P) 



(fflQ) 



R 3 — CH 2 CH 2 — (h)— (^)— OCF 3 (1 R) 



j— ^H^CH 2 CH 2 — (h^— ^C^— CHF 2 



(MS) 



R 3~(^}- CH 2 CH 2~®~^~ OCHF 2 < ffl T > 



R 3 — (h}— (^)— ch 2 ch 2 — ((5)— CF3 (IE U) 



R 3 — (h)— <T>— CH 2 CH 2 — (C^— OCF3 (DI V) 



so 



R 3 — (h)-h(h)— CH 2 CH 2 — ©>— CHF ; 



(niw) 
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R 3"KZ)~^S > ~ CH 2 CH 2~®~- OCHF 2 {ID X > 

R 3 — (^)— CH=CH— (h^— DFP (a Y) 

R 3~ ®~ CH=CH (E)~©~ F (niZ) 

Among the above compounds, the following compounds are preferably used: 



20 



25 



30 



35 



40 



45 




(ha) 



(in b) 



(me) 



(in d) 



(HE) 



(m y) 



Among the compounds, those wherein R 3 represents a linear alkyi group or a linear alkoxy group of 1 
to 10C, particularly those wherein R 3 represents a linear alkyl group or a linear alkoxy group of 1 to 5C are 
preferably used. 

Compounds expressed by the formula (III) are known as disclosed in for example, Japanese patent 
55 application laid-open Nos. Sho 57-64626. Sho 57-154135, Sho 62-25683 and Sho 57-185230, USP 
4,797.228 and USP 4.820,443. and have a high clearing point, a positive dielectric anisotropy and a low 
viscosity and a high specific resistance, for three-ring system. 
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The liquid crystal composition of the present invention may contain the following fourth component, 
besides the first, second and third components: 

Fourth component 

At least one of compounds expressed by the formula (IV): 



(IV) 



wherein 

FU and Rs may be the same or different, and each are as defined by Ri in the formula (I), 
A is as defined by A of the formula (I), 

Zb represents -COO, -CH2CH2-. -CH = CH- or single bond, and 

Z 9 represents -COCK -CH2CH2-. -CH = CH-, ethynylene group or single bond- 

Namely, one of the liquid crystal compositions of the present invention contains the above first 
component, second component, third component and fourth component. 

As the fourth component of the present invention, there is preferably used at least one member of 
compounds of the formula (IV) wherein 

R* and R5 may be the same or different and each are an alkyl group of 1 to 1 0C (wherein one or two 

not-adjacent carbon atom may be substituted by oxygen atom), and 
A represents trans-cyclohexane ring or benzene ring (the hydrogen atom of these rings may 

be substituted by fluorine atom) (other symbols are as defined above). 
Preferable concrete examples of compounds expressed by the formula (IV) are as follows: 



(IV A) 



R 4-^ C ¥ H 2-^@^ C5C -^-R 5 (IV B) 



*5 (IV C) 



R 4-KE^ CH 2 CH 2^EM§^- R 5 (IV D) 

R 4 ^CH 2 CH 2 ^g)^R 5 (W E) 
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r 4~XE^(E>- ch 2 ch 2--©>-i 



(IV F) 



(IV G) 



(IV H) 



(IV I) 



(IV J) 



(IV K) 



35 



(IV L) 



(IV M) 



Among the above compounds, the following compounds are preferably used: 



50 
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5 



10 



15 



20 




A) 



B) 
c) 



Among the above compounds, those wherein R4 and Rs each represent a linear alkyl group or a linear 
alkoxy group of 1 to 10C, particularly those wherein R* and R5 each represent a linear alkyl group or a 
25 linear alkoxy group of 1 to 5C, are particularly used. 

The compounds expressed by the above formula (IV) are known as disclosed in for example, Japanese 
patent application laid-open Nos. Sho 57-165328 and Sho 63-152334 and DE 2927277, and have char- 
acteristics of a high clearing point, a low viscosity and a neutral dielectric anisotropy. For practical uses, the 
proportion of these compounds used in the liquid crystal composition of the present invention is suitably 
30 30% by weight or less, taking into account, the increase in the threshold voltage accompanying the addition 
of these compounds, etc. 

The liquid crystal composition of the present invention may contain the following fifth component, 
besides the above first component, second component, third component and fourth component: 

35 Fifth component 

At least one member of compounds expressed by the formula (V): 

FU-A-Z10-B-R7 

40 

wherein 

Rg and R7 may be the same or different and each are as defined by R1 of the formula (I), 
A is as defined by A of the formula (I), 

B is as defined by B of the formula (I), 

45 Z10 represents -COO, -CH 2 CH 2 -, -CH = CH-, ethynylene group or single bond. 

Namely, one of the liquid crystal composition of the present invention contains the above first 
component, second component, third component, fourth component and fifth component. 

As the fourth component of the present invention, there is preferably used at least one member of 
compounds of the above formula (V) wherein 
50 Rs and R7 may be the same or different and each represent an alkyl group of 1 to 10C (one or two 
not-adjacent carbon atoms in this group may be oxygen atom, -CO- or -COO-), 
A and B may be the same or different, and each represent trans-cyclohexane ring or benzene ring 
(one or two = CH-s in these rings may be substituted by nitrogen atom, and the hydrogen 
atom in the rings may be substituted by fluorine atom) (other symbols are as defined 
55 above). 

Preferable concrete examples of the compounds expressed by the formula (V) are as follows: 
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R 6 -{h)-^>— R ? (VA) 

R 6 — (h)— ^h)— R 7 (VB) 

r 6 och 2 -{h)-{h)-r 7 (VC) 

R 6 — (j?)— COOR ? (VD) 

R 6 — (h^— COO— (h)— R 7 (VE) 

R 6 — (i)— COO-@>— R ? (VF) 

R 6 -<g>— COO-<g>— R ? (VG) 

R 6 -h@- C = C -©-R 7 (VH) 
F F 

R 6 — (O)— chc-^-r 7 (VI) 

R 6 — (F)— OCOR ? (VJ) 
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(VK) 



R 6 — <S>— CH 2 CH 2 — (g>— R ? 



(VL) 



10 



Among the above compounds, the following compounds are preferably used: 



(VA) 



R 6-<SKh>- R 7 



(VB) 



r 6 och 2 -(h)-{h>^r 7 



(VC) 



-COOR- 



(VD) 



(VF) 



40 



R 6 — ©>-coo— <g>— R- 



(VG) 



R 6 -@K-C^C-@>~R7 



(VH) 



Among the above compounds, those wherein Re and R7 each represent a linear alkyl group or a linear 
alkoxy group of 1 to 10C, particularly those wherein Rs and R 7 each represent a linear alkyl group or a 
linear alkoxy group of 1 to 5C, are preferably used. 

The compounds expressed by the formula (V) are known as disclosed for example, in Japanese patent 
application laid-open Nos. Sho 59-70624, Sho 58-167535, Sho 58-170733 and Sho 61-5031, DE 2636684 
and DE 2429093, and have a very low viscosity, a neutral dielectric anisotropy and a superior compatibility, 
and much contribute to making the specific resistance of the compositions higher. The practically used 
proportion of these compounds in the liquid crystal composition of the present invention is suitably 25% by 
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weight or less, taking into account, the increase in the threshold voltage, etc. accompanying the addition of 
these compounds. 

The liquid crystal composition of the present invention may contain another liquid crystal compound or 
liquid crystalline compound besides the above first component to fifth component, in a suitable quantity 
within a range wherein the object of the present invention is not damaged, in order to control the threshold 
voltage in the voltage-transmittance characteristic, the liquid crystal temperature range, the refractive 
anisotropy. the dielectric anisotropy, the viscosity, etc. Concrete examples of these compounds are as 
follows: 
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R ~®-©- coo -®-R ' 
r -®-@-oco-{h>-r • 
R--(h}^(h)-coo-(h}-r • 




R-<hWOWOWh>-r 



«-<h)-<§>-ch 2 ch 2 ^^_ch 2 ch 2 -(h)-r • 



— COO— (0>— COO— <§>— CH 2 CH 2 — <T>-R ' 
— (h)— COO— (g>-<g>-CH 2 CH 2 — (5)-R ' 



^H)— {h)— COO— CH 2 CH 2 — (h)— R ' 
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40 



50 



R-<5)-<@>-c=c-^0>-R ' 



R-<0>-^3>~-CH2 CH 2— (§>-R * 



MOHOJ-loH' 



20 R— @— COO— @— COO— @~ R 1 

25 R— (h^— COO— @>— CH 2 CH 2 — (h)— R' 

30 R— (h)— OCO— CH 2 CH 2 — (h)— R' 

35 R— (h)— <0)— CN 



R— (h^-ch 2 ch 2 -^>— CN 



In the above formulas. R and FT each represent an alkyl group or an alkoxy group of 1 to 10C. 
ss The above compounds can be used alone or in an adequate combination of two or more kinds. 

In the liquid crystal composition of the present invention containing the above first component and 
second component, the proportions of the first component and the second component used, each are 15 to 
97% by weight and 3 to 30% by weight, preferably 30 to 90% by weight and 5 to 25% by weight, based 
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upon the total weight of the composition, and the total quantity of these components is at least 50% by 
weight, preferably at least 60% by weight. 

As another embodiment of the present invention, the proportions of the first component, second 
component and third component used in the liquid crystal composition containing the first component, 

5 second component and third component are respectively 15 to 97% by weight, 3 to 30% by weight and 5 
to 90% by weight, preferably 30 to 90% by weight. 5 to 25% by weight and 5 to 55% by weight, based 
upon the total weight of the liquid crystal composition, and the total quantity of these components is at least 
50% by weight, preferably at least 60% by weight. 

As still another embodiment of the present invenion, the proportions of the first component, second 

10 component, third component and fourth component used in the liquid crystal composition containing the 
first component, second component, third component and fourth component, are respectively 15 to 97% by 
weight, 3 to 30% by weight, 5 to 90% by weight and 3 to 30% by weight, preferably 30 to 90% by weight, 
5 to 25% by weight, 5 to 55% by weight and 5 to 25% by weight, based upon the total weight of the 
composition, and the total quantity of these components is at least 50% by weight, preferably at least 70% 

is by weight. 

As further still another embodiment of the present invention, the proportions of the first component, 
second component, third component, fourth component and fifth component used in the liquid crystal 
composition containing the first component, second component, third component, fourth component and 
fifth component, are respectively 15 to 97% by weight, 3 to 30% by weight. 5 to 90% by weight, 3 to 30% 

20 by weight and 3 to 25% by weight, preferably 30 to 90% by weight, 5 to 25% by weight, 5 to 55% by 
weight, 5 to 25% by weight and 3 to 20% by weight, based upon the total weight of the composition, and 
the total quantity of these components is at least 50% by weight, preferably at least 70% by weight. 

The liquid crystal composition of the present invention has a characteristic of a low threshold voltage, 
while retaining a high specific resistance, a low consumed current and a low viscosity. Thus, the liquid 

25 crystal composition of the present invention can be preferably used for liquid crystal display element, 
particularly for AM-LCD. 

The liquid crystal display element of the present invention using the liquid crystal composition having 
the above characteristics has characteristics of a high contrast, a high reliability, a rapid response speed 
and further a capability of low voltage drive, etc. Thus, it can correspond to a high-grade, moving picture 
30 display, mouse and scroll, and it is possible to provide a liquid crystal display device for OA which is easy 
in the battery drive. 

Example 

35 The present invention will be described in more detail by way of Examples, but it should not be 
construed to be limited thereto. 

In addition, the definitions and measurement methods of various characteristics herein are as follows: 

Threshold voltage (voltage transmittance characteristic) 

40 

The threshold voltage refers to a voltage (absorption percentage 10%) wherein the transmittance of light 
in the optical direction perpendicular to the indicated surface of display, and it is shown by Vth. 

Specific resistance 

45 

The specific resistance refers to a value obtained by filling liquid crystals in a liquid cell (type: LE-21) 
made by Ando Electric Corporation), followed by impressing a dielectric current of 10V with PA meter 
(made by HP Corporation) and a DC voltage source (type: HP 4140B), and the initial value is represented 
by p 0 (0 cm) and a value obtained after heating test at 80 * C (1 ,000 hours) is represented by p H ■ The liquid 
so crystals for the heating test was preserved in a pylex glass vessel at 80 • C in nitrogen gas atmosphere. The 
1 ,000 hours as the heating test time is considered to be generally suitable as a time showing a value close 
to saturation value. 

Signal voltage retention 

55 

The signal voltage retention was measured using the circuit shown in Fig. 2, as described above, and 
calculated according to the following formula: 
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Signal voltage retention = (Vi -t, -tz-V 2 )/[(Vi )x (ti -fc )] 

wherein (Vi-ti-t2-V2) shows an oblique line portion of Fig. 3, 

Vi represents a source voltage, and (ti-t2> represents an impressed time. In addition, the measurement 
of the signal voltage retension was carried out at room temperature (20 * C) and 80 * C. 

In addition, as to the reliability test the light-resistance test, particularly ultraviolet rays-resistance test, 
was not carried out, considering that the photo-deterioration problem could be solved due to recent 
development of ultraviolet rays-cutting filter. 

All of the liquid crystal compositions in Examples and Comparative examples were prepared using the 
same recipe. "% w refers to "% by weight". 

Comparative example a 

Herein, the first component (compound of the formula (I) was not used. A liquid crystal composition 
consisting of the following components and its characteristics were measured and the results are shown in 
Table 3: 

as the compounds of the formula (II), 
(a difluorophenylcyclohexane) 




12,0 % 



as the compounds of the formula (III), 
(difluorophenylcyclohexanes) 



DFP 



11.7 % 



DFP 



11.7 % 




1K7 % 



(difluorophenylcyclohexylethanes) 
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c 2 h 5 -^h^ch 2 ch 2 -^h)--dfp 



11-2 % 



c 3 h 7 — (h)— ch 2 ch 2 ^(h^— DFP 



5.6 % 



C 5 H 1 1 CH 2 CH 2*^®~ DFP 



11.2 % 



(d if luorobipheny Icyclohexanes) 



(a fluorophenylcyclohexane) 



5.0 % 



5.0 % 



10.0 % 



5.0 % 



Comparative example b 

Herein, the first component (compound of the formula (I)) was not used. 

A liquid crystal composition consisting of the following components and its characteristics 
measured, and the results are shown in Table 3: 
As the compound of the formula (II), 
(a difluorophenylcyclohexane) 



C 7 H 1 5~^(^)~ DFP 10.0% 



as the compounds of the formula (III), 
(difluorophenylbicyclohexanes) 
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C 2 H 5 ^iL^~Xii) — DFP 10.0 % 

C 3 H 7-®KE>- DFP 10.0 % 

c 5 h i 1 DFP 10,0 % 

(difluorobiphenylcyclohexanes) 

C 2 H 5-®^®- DFP 7.0 % 

C 3 H 7~(E)- H ©— DFP 7 -° * 

C 5 H n ~~ (E) - ^^ - DFP 14.0 % 



as the compounds of the formula (IV), 
(phenylbicyclohexanes) 



6.0 % 



9.0 % 



C 3 H 7~<SKEH§>- OCH 3 5.0 % 

3 H 7 2.0 % 
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as the compound of the formula (V), 
(a phenylcyclohexane) 



C 3 H 7-<EHO^^ 




10.0 % 



Comparative example c 

Herein, the first component {compound of the formula (I)) and the second component (compound of the 
formula (II)) were not used. 

A liquid crystal composition consisting of the following compounds were prepared and its characteristics 
were measured, and the results are shown in Table 3: 

as the compounds of the formula (III), 

(difluorophenylcyclohexanes) 



c 2 H s-<EKE>- 



DFP 



16.7 % 




DFP 



16.7 % 




16.7 % 



(a fluorophenylbicyclohexane) 




6.0 % 



(bicyclohexylcarboxylic acid fluorophenyl esters), 




COO 




6.0 % 




6.0 % 



as the compounds of the formula (IV), 
(phenylbicyclohexanes), 
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C 3 H 7H®-{h)-^-CH3 6.o % 

2 H 7 11.0 % 



as another compound, 

-N 



C 2 H 5-<b.>Hg^-F 15 , 0 % 



Comparative example d 

Herein, the first component (compound of the formula (I)) was not used. 

A liquid crystal composition consisting of the following compounds was prepared and its characteristics 
were measured, and the results are shown in Table 3: 
as the compounds of the formula (II), 

c 2 h 5 — (h)— ch 2 ch 2 — DFP 10.0 % 



C 5 H 11-<E>- C H 2 CH 2 -DFP 10.0 % 

as the compounds of the formula (III), 

C 2 H 5~ H ®-<5)- CH 2 CH 2— DFP 



28.0 % 



C 4^9 \_!v — VV — CH 5 CH« — DFP 



2 CH 2 — DFP 6.0 % 
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CH 2 CH 2 — DFP 



6.0 % 



C 2 H 5^5>" 




DFP 



22.0 % 



C 3 H 7"<5>- 




DFP 



8.4 % 




DFP 



9.6 % 



Comparative example e 

Herein, the first component (compounds of the formula (I)) was not used. 

A liquid crystal composition consisting of the following compounds was prepared and its characteristics 
were measured, and the results are shown in Table 3: 
As the compound of the formula (II). 




10.0 % 



as the compounds of the formula (III), 




8.4 % 




8.3 % 




8.3 % 
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DFP 



24.8 % 



C 3 H 7^®~ CH 2 CH 2-(«)~ 



DFP 



9.4 % 



C 4 H 9-<5)— CH 2 CH 2^®— 



DFP 



10.8 % 



c 2 h 5 -<h)- ( 



CH 2 CH 2 -<g>-: 



DFP 



10.0 % 



C 3 H 7-<«>- 




DFP 



10.0 % 



Comparative example f 

Herein, the second component (compound of the formula (II)) was not used. 

A liquid crystal composition consisting of the following compounds was prepared and its characteristics 
were measured, and the results are shown in Table 3: 
as the compounds of the formula (I), 




13.0 % 




12.0 % 



as the compounds of the formula (III), 




8.0 % 
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6.0 % 



10 



15 



20 



10.0 % 



12.0 % 



8.0 % 



c 5 H i 1 \2LaaJv^ 

as other components, 

C 5 H 11-<HHg)_F 



12.0 % 



12.0 % 



~7"15 

-<H>^ F 



7.0 % 
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55 
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Comparative example g 

Herein, the second component (compounds of the formula (II)) was not used. 

A liquid crystal composition consisting of the following compounds were prepared, and its characteris- 
tics were measured, and the results are shown in Table 4: 
As the second component (compounds of the formula (II)), 




12-0 % 




14.0 % 



as the compounds of the formula (III), 




12.0 % 




10.0 % 




12.0 % 




8.0 % 




12.0 % 



as other compounds, 




12.0 % 




8.0 % 
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Example 1 

55 

A liquid crystal composition consisting of the following compounds was prepared, and its characteristics 
were measured, and the results are shown in Table 4: 
as the compounds of the formula (I), 
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C 7 H 15~<h)-TFP 



C 2 H 5~(h)-<h)-tPP 



10.0 % 



25.0 % 



C 3 H 7-<H>-<H>- T FP 35 . 0 % 

C 5«11~<H>-<H>-TFP 18>0 % 

as the compound of the formula (II), 

C 7 H 15-^®~" DFP 12.0 % 

Example 2 

A liquid crystal composition consisting of the following compounds was prepared, and its characteristics 
were measured, and the results are shown in Table 4: 



C 2%^)^5)- TFP 



26.0 % 



26.0 % 



C 5 H 11"XZ)^(^" TFP 26.0 % 

and as the compounds of the formula (II). 
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c 7 h 15 -^h)— DFP 



12.0 % 



C 5 H 1 1 ~{h)— CH 2 CH 2 — DFP 



10.0 % 



Example 3 

A liquid crystal composition consisting of the following compound was prepared: 
as the compounds of the formula (I), 



13.0 % 



13.0 % 



13.0 % 



C 2 H 5^MZ>- TOP 



13.0 % 



C 3 H 7 — (^}--{^)~ TOP 



13.0 % 



C 5 H 11~<H>-h(^ 



13.0 % 



as the compounds of the formula (II), 
C 7 H 15 -^H^— DFP 



12.0 % 



C 5 H 1 1 CH 2 CH 2 — DFP 



10.0 % 
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Example 4 

A liquid crystal composition consisting of the following compounds was prepared, and its characteristics 
were measured, and the resutts are shown in Table 4: 
as the compounds of the formula (I), 



10.0 % 

C 3 H 7^(EH5)^ TFP 10.0 % 

C 5 H 11— (h)-{h^-TFP 10.0 % 

as the compounds of the formula (II) 

C 5 H 1 1 — ®— CH 2 CH 2 — DFP 



C 5 H 1 1 ~{h)-COO-^_ F 
: 7 H 1 5— ®— COO-^_ F 



10.0 % 



7.5 % 



7.5 % 



as the compounds of the formula (III), 
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11.7 % 
11.7 % 
11.6 % 
5.0 % 
2.5 % 



C 2 H 5~<S>-{h)— DFP 
DFP 

C 5 H 11~<h)-(h>-DFP 

C 3 H 7-<SH5>-<S>-F 
C 5 H 1 1 ~<H>-<H)^COO-<g^_ F 
C 7 H 15~<H><H>-COO-<g)--F 2.5 % 



Example 5 

A liquid crystal composition consisting of the following compounds was prepared: 
as the compounds of the component (I), 



C 2 H 5 — ^H^— ^H^— TFP 5.0 % 

C 3 H 7^H5^ m 5.0 % 

5.0 % 
5.0 % 

C 3 H 7^5)-(^TOP 5. 0 % 

C 5 H 11^h)Kh)-TOP 5.0 % 

as the compounds of the formula (II), 
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C 5 H 1 1 — (")— CH 2 CH 2 — DFP 

5 

C 5 H 1 1 ~<S>-COO-<g>-p 

10 

C 7 H 1 5-<5)- COO -<§>-F 

?5 

as the compounds of the formula (III), 

C 2 H 5 — (h)— (h^— DFP 

25 

C 3 H 7 "vvXil^ - DFP 

30 



35 




11.6 % 



5.0 % 



40 

C 3 H ? -(H>-^H)-COO-<g^F 2.5 % 

45 



C 5 H 1 1 ~ <®^(E>— CO °-^©>— F 2-5 % 

50 

Example 6 

A liquid crystal composition consisting of the following compounds was prepared, and its characteristics 
55 were measured, and the results are shown in Table 4: 
as the compounds of the formula (I), 



10.0 % 



7.5 % 



7*5 % 



11.7 % 



11.7 % 
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TFP 



10.0 % 



10.0 % 



as the compounds of the formula (IV), 



10.0 % 



as the compounds of the formula (II), 

C 7 H 1 5~^h)— DFP 



10.0 % 



C 5 H 1 1 -^)— CH 2 CH 2 — DFP 



5.0 % 



as the compounds of the formula (III) 



10.0 % 



C 3 H 7^®^E^" DFP 



10.0 % 



C 5 H 1 1 ~^®^(Hy-DFP 



10.0 % 



5.0 % 
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C 3 H ?HS>-<H>-h@>_cH3 



8.0 % 



7.0 % 

to 



C 3 H 7-(H>-CH 2 CH 2 Hg>-C S C-<g>-c 2 H E 



5.0 % 



Example 7 

A liquid crystal composition consisting of the following compounds was prepared: 
20 as the compound of the formula (I), 

C 2 H 5 — (liV/lT)— TFP 



2"5~Ail/~Vy~ TJ?F 5.0 % 



C 3«7-{«Kh)-TFP s.o % 



40 



C 2 H 5 — (h)-<j)— TOP 5.0 % 



C 3 H 7 — (h)-(h)— TOP 5.0 % 



C 5 H 11 — ^H^— ^H^—TOP 5.0 % 



as the compounds of the formula (II), 

55 



77 



EP 0 6S6 412 A1 



C 7 H 15 — (jl)— DFP 



10.0 % 



C 5 H 1 1 — (h)-CH 2 CH 2 — DFP 



5.0 % 



as the compounds of the formula (III), 



C 2 H 5-^(«)-<H>-DFP 



10.0 % 



C 3 H 7~<H>-<h)- DFP 



10.0 % 



as the compounds of the formula (IV). 



10.0 % 



7.0 % 



8.0 % 



45 



7.0 % 



50 



C 3 H 7^(E>- CH 2 CH 2-<0>- Cs C-<g>-C 2 H 5 5.0 % 



55 Example 8 

A liquid crystal composition consisting of the following compounds was prepared, and its characteristics 
were measured, and the results are shown in Table 5: 
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as the compounds of the formula (I), 

C 2^^®-<h)-TFP 

c 3 H 7"^)^(h)— WP 
C 3 H 7 — (^V/hV-TFP 



C 5 H 1 1 yy — — TFP 



7.0 % 



7.0 % 



5.0 % 



4.0 % 



as the compounds of the formula (II), 

C 7 H 15-®~ DFP 10.0 % 

C 5 H n ~{^)~ CH 2 CH 2 — DFP 9.0 % 
as the compounds of the formula (III), 

C 2 H 5-<H>-<g>-DFP 5.0 % 

C 3 H 7-<5>-<§>-DFP 5-0 % 

C 5 H 11~<EH§>-DFP 10 . 0 % 
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as the compounds of the formula (IV), 



5.0 % 



9.0 % 



5.0 % 



2.0 % 



as the compound of the formula (V), 



C 3 H 7-<EH§^-OC 2 H 5 



10.0 % 



Example 9 

A liquid crystal composition consisting of the following compounds was prepared: 
as the compounds of the formula (I), 
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c 2 h 5 ^(h>-{h)-tfp 4 . 0 % 



C ^ H 7 - \ H V- ( H ) — TFP 



3"7-vvvy— TJfp 4.0 % 



c 5 h h-<5>-(^)~ tfp 



as the compounds o( the formula (III), 



4.0 



C 2"5-<H>-<H>-TOP 3.o % 

C 3 H 7~<H>-<H>-TOP 3.o % 

C 5 H 1l-<H>-<H)-TOP 3.0% 

C 3 H 7~<H>-^>~TFP s.o % 

C 5 H 11-(h)^(h)^-TFP 4.o % 

as the compounds of the formula (II), 

C 7 H 15~{E>— DFP 10.0 % 
C 5 H 1 1 ~{«)-CH 2 CH 2 — DFP 9.0 % 
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C 2 H 5-<H>-<§>- 

DFP 



5.0 % 



C 3 H 7^®H§>-DFP 



5.0 % 



c 5 h ii~<h)^(o>-dfp 



10.0 % 



as the compounds of the formula (IV) 



5.0 % 



9.0 % 



-OCH- 



5.0 % 



as a compound of the formula (V) 



2.0 % 



10.0 % 



Example 10 

A liquid crystal composition consisting of the following compounds was prepared, and its characteristics 
were measured, and the results are shown in Table 5: 
as the compounds of the formula (I), 
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5 



10 



15 




15.0 % 



15.0 % 



15.0 % 



as a compound of the formula (II), 

20 

C 5 H 11— <5)—CH 2 CH 2 — DFP 16.0 % 

25 as the compounds of the formula (III), 



30 



35 



40 



45 




5.0 % 



5.0 % 



5.0 % 



2.0 % 



50 
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DFP 



1 .0 % 



C 5 H 1 1 -^^CU 2 CH 2 ~^^. DFP 



2.0 % 



75 



20 



as the compounds of the formula (IV), 



4.0 % 



5.5 % 



: 3 H 7-^^CH 2 CH 2 ^^ C ,c^(g^ ( 



C 2 H 5 5.0 % 



30 as the compound of the formula (V) 



35 



CH 3^ H 2^>-<E^-C3H 7 



5.0 % 



50 
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Example 11 

A liquid crystal composition consisting of the following compounds was prepared: 
as the compounds of the formula (I), 
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C 2 H 5~®-(h)-TFP 



10.0 % 



C 3 H 7"<E>-<h)-TFP 10 . 0 % 



C 5 H 11-KEKE>~ TFP 10 -° * 



C 2 H 5~<S>-®^ TOP 5.0 % 



C 3 H 7-VV~\ H /- TOP 5.0 % 



C 5 H 11-\lLM. H >- TOP 5.0% 

as the compound of the formula (ll) t 

C 5 H 1 1 — — CH 2 CH 2 — E>FP 16.0 % 

as the compounds of the formula (111), 
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5 



TO 



75 



20 



25 



30 



35 




5.0 % 



5.0 % 



5.0 % 



2.0 % 



1.0 % 



2.0 % 



4.0 % 



as the compounds of the formula (IV) 

40 




5.0 % 



45 

C 3 H 7 -{H>-CH 2 CH 2 -H(g>_c S C-^g)^C 2 H 5 5.0 % 

50 

as the compound of the formula (V), 

55 

CH 3 OCH 2H5>-<H)- C 3 H 7 5.0 % 
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Example 12 

A liquid crystal composition consisting of the following compounds was prepared, and its characteristics 
were measured, and the results are shown in Table 5: 
as the compounds of the formula (I), 

C 2 H 5-<H)-<H>-TFP 1Q . 0 % 



C 5 H 1 1 ~<H>-<H>- TFP 

as the compounds of the formula (II), 

C 7 H 15-<2>-DFP 

C 5 H 1 1 -<H>-COO-^0>-F 

C 7 H 1 5~<H)-COO-(g)-F 

as the compounds of the formula (III), 

C 2 H 5"-<H>-<g>-DFP 



10.0 % 



10.0 % 



5.0 % 



2.5 % 



2.5 % 



4.5 % 



4.5 % 
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9.0 % 



3.0 % 



4.0 % 



3.0 % 



as the compounds of the formula (IV), 




9.0 % 



3.0 % 



10.0 % 



as the compound of the formula (V), 



C 3 H 7-{»)-@- OC 2 H 5 10.0 % 



Example 13 



A liquid crystal composition consisting of the following compounds was prepared: 
as the compounds of the formula (I), 
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5.0 % 



5.0 % 



5.0 % 



5.0 % 



5.0 % 



as the compounds of the formula (II), 

C 5 H 11-{«Hh)-TOP 5.o % 

C 7 H ir (H>-DFP s.o % 

C 5 H 1 1 ~{h)— COO-^g>— F 2.5 % 

as the compounds of the formula (III), 
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C 7 H l5 -{Hy-COO^g)-F 



2.5 % 



C 2 H 5"X^<§)^ DFP 



4.5 % 



4.5 % 



9.0 % 



as the compounds of the formula (IV), 



50 



3.0 % 



4.0 % 



3.5 % 



9.0 % 



3.0 % 



10.0 % 



as a compound of the formula (V), 
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C 3 H 7~<H>-<g^0C 2 H 5 10 . 0 % 



Example 14 

A liquid crystal composition consisting of the following compounds was prepared, and its characteristics 
were measured, and the results are shown in Table 5: 
as the compounds of the formula (I), 

C 2 H 5~<EH5>- t * , P 10.0 % 



C 3 H 7-<5)~<S>-" TFP 10.0 % 



as the compounds of the formula (II). 



10.0 % 



3.0 % 



c 5 H n— ®-ch 2 ch 2 — DFP 10 .0 % 



C 5 H 1 1 ~<H)-COO-Hg^-F 
C 7 H 1 5-<H)~ COO -<§>-F 



2.2 % 



2.2 % 



as the compounds of the formula (III), 
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C 2 H 5 -^H^CH 2 CH 2 -<Jh)— DFP 



4.4 % 



w 



15 



20 



C 3 H 7"KE)^ OT 2 CH 2- H (^ DFP 2.0 % 



c 5 h 1 1 --(h)— ch 2 ch 2 —(h)— DFP 



4.0 % 



4.0 % 



3.0 % 



30 



4.0 % 



35 



C 3 H 7^SKE^ C00 ^@^ F 0-8 % 



: 5 H 1 1 ~-{hV<SV- CTO -<§>-F 



0.8 % 



as the compounds of the formula (IV), 



45 



5.0 % 



50 
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C 3 H 7-<H>-CH 2 CH 2 -^_C^C-^-c 2 H, 



5 5 -° % 



20 



as the compounds of the formula (V), 

C 3 H 7^H>^g>-OC 2 H 5 

¥ 7 -<EHg)-c 2 H 5 

C 3 H 7-<H>-<H>-C 4 H 9 



5.0 % 



3.0 % 



4.0 % 



30 

as another compound, 



3.0 % 



40 Example 15 



A liquid crystal composition consisting of the following compounds was prepared: 
as the compounds of the formula (I), 



50 
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C 2 H 5 -^h)-(h)— TFP 
TFP 

C 5 H 11-®^®— TFP 
C 2 H 5-®H5)- T0P 



as the compounds of the formula (II), 



as the compounds of the formula (III), 



5.0 % 



5.0 % 



5.0 % 



5.0 % 



C 3 H 7~KE>-(h)^-TOP 5.0 % 



C 5 H 11~<£>-<£>-.TOP 5.0 % 



C 3 H 7~<iL>H§>-CF3 3.0 % 



c 5 H n-®~ CH 2 CH 2— DFP 10.0 % 



C 5 H 11~<«>- COO -@- F 2.2 % 



C 7 H !5-<H)-COO-<^-F 2.2 % 



95 



EP 0 656 412 A1 



C 2 H 5~<5)— CH 2 CH 2~{h)— DFP 



4.0 % 



C 3 H ? — (h)-CH 2 CH 2 -(h)— DFP 



2.0 % 



C 5 H 1 1 ~{h)-CH 2 CH 2 -(h)— DFP 



4.0 % 



4.0 % 



C 2 H 5-(«>##-F 



3.0 % 



4.0 % 



C 3 H 7~<H>-<^>- COO --<§>-F 



0.8 % 



C 5 H 1 1 -®-{»)-COO-^- F 



the compounds of the formula (IV), 



0.8 % 
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5.0 % 



C 3 H 7-<iDH-CH 2 CH 2 - 5 Q 



C 3 H 7~<H)KH^-CHC^(g^C3H 7 



5.0 % 



as the compounds of the formula (V), 

C 3 H 7 -(H>-(g>— OC 2 H 5 5.0 % 

C 3 H 7-<E>~©-C 2 H 5 3.0 % 

C 3 H 7 -{h>~(h)-c 4 H 9 4.0 % 

as another compound. 



Example 16 

A liquid crystal composition consisting of the following compounds was prepared: 
as the compounds of the formula (I). 
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C 5 H 1 1 ~(h)-CH 2 CH 2 — TFP 



c 3 h 7 --(h^-ch 2 ch 2 -^(h>-tfp 
c 5 H n — ®-ch 2 ch 2 -{h}-tfp 

C 3 H 7 ~®~{^)~ CH 2 CH 2 — TFP 
C 5 H 1 1 -<5)--(h)— CH 2 CH 2 — TFP 



C 3 H 7-<®^@^- TFP 



C 5 H 11-<h}-h^_tFP 



10.0 % 



12.0 % 



12.0 % 



12.0 % 



12.0 % 



10.0 % 



8.0 % 



3.0 % 



C 3 H ? -h5)h(h}-CH 2 CH 2 -{7>— TFP 3.0 % 
the compounds of the formula (II), 

C 5 H 11-<«>-DFP 10.0 % 

C y H 1 5 -h(¥)— DFP 8.0 % 
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Example 17 

A liquid crystal composition consisting of the following compounds was prepared: 
as the compounds of the formula (l) t 

C 5 H 11-(h)-TOP 8.o % 



c 5 h ii-(h)— ch 2 ch 2 — TOP 10.0 % 



C 3 H 7— ®-CH 2 CH 2 -{h)-TOP 12.0 % 



C 5 H 1 1 ^®-CH 2 CH 2 -{h)-TOP 12.0 % 



C 3 H 7~{»)-®-CH 2 CH 2 — TOP 12.0 % 



C 5 H 11~<S>-{h)-CH 2 CH 2 — TOP 12.0 % 

C 3 H 7-®H§>~ TOP 10.0 % 



C 5 H 11-<«)-<§>-TOP 8.0 % 



C 3 H 7^L>~(EK5^ TOP 3.0 % 

C 3 H 7~(E)--(h)-CH 2 CH 2 -{h)— TOP 3.0 % 
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as the compound of the formula (ll) t 



C 7 H 15~^E^ DFP 10.0 % 



Example 18 

A liquid crystal composition consisting of the following compounds was prepared: 
as the compounds of the formula (I), 



^"n - ® - ^ 8.o % 



C 2 H 5 — <H>— <H) — TFP 10.0% 



C 3 H 7 -^H^-(h^— TFP 10.0 % 



C 5 H 11~(^) — TFP 10.0 % 



C 3 H 7~-{h)~®^- CH 2 CH 2-{^)— tfp 3.0 % 



c 3 h 7 -(S>-^h)-ch 2 ch 2 -^>-top 3 . 0 



% 



as the compounds of the formula (II). 

C 7 H 15-®- DFP 8.0 % 

C 5 H 11~-(h)-CH 2 CH 2 — DFP 6.0 % 

as the compounds of the formula (III), 
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C 2 H 5 — {h}— (h)— DFP 9.3 % 

C 3 H 7-<H>-<E>- DFP 9.4 % 

C 5 H 1 1 ~<H>-{h^-DFP 9.3 % 

as the compounds of the formula (IV). 

^ 9.0 % 

C 3 H 7-KE)^ CH 2 CH 2-^ 5.0 

Example 19 

A liquid crystal composition consisting of the following compounds was prepared: 
as the compounds of the formula (I), 

C 2 H 5~®~~® — DDP 10.0 % 

c 3 h 7 -^(h)-^h}-ddp 10 . 0 % 

c 5 H n-<S M 5j)- DDP 10 -° % 

as the compounds of the formula (II), 
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C 5 H 1 1 — (h^— CH 2 CH 2 — DFP 



10.0 % 



C 5 H 1 1 -<H)-COO-^g)-F 



7.5 % 



C 7 H 1 5-<£K C00 -^O>-F 



7.5 % 



as the compounds of the formula (III), 



C 2 H 5-<E) - ®~ DFP 



11.7 % 



C 3 H y — ^H^-^H^— DFP 



11.7 % 



C 5 H 1 1 H ^ H >— DFP 



11.6 % 



5.0 % 



C 5 H 1 1 ~\^}~\^)~ COO ~ (&~ 1 



2.5 % 



C 7 H 15^H)-{^COO-<g>-F 2.5 % 



Example 20 

A liquid crystal composition consisting of the following compounds was prepared: 
as the compounds of the formula (I), 
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10 



C 3 H 7-<hMh>- DOP 



C 5 H 11~<H>-<S>- D0P 



as the compounds of the formula (II), 



C 5 H 1 1 -^®>-CH 2 CH 2 — DFP 



30 

C 7 H 1 5 -(h)-COO-^-F 

35 as the compounds of the formula (111), 

C 2 H 5~<SH5>- DFP 



40 



C 3 H 7~^SHSKdFP 



10.0 % 



10.0 % 



10.0 % 



10.0 % 



C 5 H 11-^®^ COO "®- F 7.5 % 



7.5 % 



11.7 % 



11.7 % 



55 
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11.6 % 



5,0 % 



C 5 H 1 1 -h(¥)-h(h}- COO^Q^-j 



2.5 % 



C 7 H 1 S~(^y{^}-<XX}^^^F 



2.5 % 



Example 21 

A liquid crystal composition consisting of the following compounds was prepared: 
as the compounds of the formula (I), 



10.0 % 



10.0 % 



as the compounds of the formula (II), 

C 5 H 1 1 ~{h)-CH 2 CH 2 — DFP 



10.0 % 



10.0 % 



C 5 H 1 1 ~<E>- C0O -<§>-F 

c s», i -<h>-coo-<(o>_ f 



7.5 % 



7.5 % 
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as the compounds of the formula (III), 



C 2 H 5 -<H>-(h)-DFP t t . 7 % 



10 C 3 H 7~ \jl7~ VV - DFP 11.7 % 

c 5 h ii-(h)-<h>-dfp n. 6% 

20 C 3 H 7—®-{h)—©—V 5.0 % 

C 5 H 11-<EKE>- COO -@>- F 2.5 % 

30 > V / V j v 

c 7 h isH!v^0l)- coo -<Q>- f 2 - 5 % 

35 Example 22 

A liquid crystal composition consisting of the following compounds was prepared: 
as the compounds of the formula (I), 



40 



C 2 H 5~^®>~{^}~ TFF 14.2 % 

C 3 H 7-<5>-<H>-TFP 14 . 2 % 



5£> 



C 5 H n-<E>HS>- TFP 



14.2 % 



C 2%H5)^{H)--<T>_TFP 



55 

5.0 % 
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as a compound of the formula (It), 

C 5 H 1 1 — (h}-CH 2 CH 2 — DFP 

as the compounds of the formula (III) 

C 2 H 5— ®-^H^-DFP 

C 3 H ? — {h)— (h)— DFP 

C 5 H 1 1 — ^h)— (h^— DFP 

C 2 H 5~^)— CH 2 CH 2^®~ DFP 
C 3 H 7— C H 2 CH 2 — (h)— DFP 

C 5 H 1 1 ~ CH 2 CH 2~ (**)~ DFP 

C 3 H 7 -<^)-^)-<g^_F 

as the compounds of the formula (IV), 
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4.7 % 



C 3 H 7~<E>- C H2 C «2--@--C-C-^- Ca H 



5 4 -? % 



as a compound of the formula (V), 



CH 3 OCH 2 --<5>-^^ 



4.7 % 



The characteristic values of the liquid crystal composition were as follows: 
N-l = 80 • C, A € = 5.7, An = 0.079, viscosity = 20.2 cp and Vi 0 = 1 .8 volt. 

Example 23 

A liquid crystal composition consisting of the following compounds was prepared: 
as the compounds of the formula (I), 



as the compounds of the formula (II), 



14.3 % 



14.3 % 



14.3 % 



4.0 % 



2.7 % 



C 5 H 1 1 — (J)— CH 2 CH 2 — DFP 



7.7 % 
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C 5 H 1 1 -<H)-COOHg)— F 



1.8 % 



C 7 H 1 5-<">-C00-H@^F 



2.0 % 



as the compounds of the formula (III), 

C 2 H 5 ~ CH 2 CH 2 -*^h}— DFP 



3.0 % 



20 



C 3 H 7— ®— CH 2 CH 2 -^H^— DFP 



1.5 % 



C 5 H 11-^)~ CH 2 CH 2^®^ DFP 3.0 % 



3.0 % 



c 2 h 5-^hWOMO>-f 



2.2 % 



40 



3.0 % 



C 3 H 7~<>D~®-COO-<g>~-F 



0.6 % 



C 5 H 1 — <^)-^h)— COO— (§>— F 0.6 % 



as the compounds of the formula (IV), 
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3.7 % 



C 3 H 7"K»>- CH 2 CH 2-<§>- CH C-<0>-C 2 H 5 3.7 



C 3 H 7~<«>-<^- CS C-<g>-C3H 7 



3.8 % 



as the compounds of the formula (V). 



C 3 H 7"<»>Hg>-OC 2 H f 



3.8 % 



as another compound. 



2.2 % 



3.0 % 



2.2 % 



The characteristic values of this liquid crystal composition were as follows: 
N-l = 84 *C, An = 0.093, viscosity = 19.9 cp A* = 5.1, V = 1.79 V. 

Example 24 

A liquid crystal composition consisting of the following compounds was prepared: 
as the compounds of the formula (I), 
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C 2 H 5-®H5>- TFP 



15.5 % 



C 3 H ? — (h)— (h)— TFP 



15.5 % 



C 5 H 11~(EK«>- TFP 



15.5 % 



3-9 % 



20 



as the compounds of the formula (II), 
C 7 H 15-<S>- MT 

^5 H 1 1 — <5)^CH 2 CH 2 — DFP 



7.1 % 



3.5 % 



as the compounds of the formula (III), 



7.1 % 



C 3 H 7- H ®~^E^ DFP 



7.1 % 



C 5 H 11^)^h)^DFP 



7.1 % 



50 



as the compounds of the formula (IV), 



3.5 % 



55 
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.7 % 



.0 % 



3.6 



The clearing point of this liquid crystal composition was N-l = 94.2 • C. 
Example 25 

A liquid crystal composition consisting of the following compounds was prepared:, 
as the compounds of the formula (I), 




14.2 % 



14.2 % 



14.2 % 



5.0 % 



as a compound of the formula (II), 

C 5 H 1 1 — (h)— CH 2 CH 2 — DFP 

as the compounds of the formula (III), 
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C 2 H 5-®" H S>- DFP 



4.7 % 



10 



c 3 h 7^EKE>- dfp 

c s H n-®~^)- DFP 



4.8 % 



4.8 % 



C 2 H 5~ ®— CH 2 CH 2 -<^h)— DFP 2.0 % 



C 2 H 5 — (h)— CH 2 CH 2 — (h)— DFP 1.0 % 



30 



C 5 H 11~~ CH 2 CH 2~ "(E) - DFP 2.0 % 



as the compounds of the formula (IV), 



3.8 % 



4.7 % 



C 3 H 7~<K>- CH 2 CH 2-<§>- CH C^>-C 2 H 5 4.7 % 



so as a compound of the formula (V), 



CH 3 OCH 2 — ^Hj>— C 3 H ? 



4.7 % 
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Example 26 

A liquid crystal composition consisting of the following compounds was prepared: 
as the compounds of the formula (I), 



14.3 % 



TFP 



14.3 % 



14.3 % 



C 3 H 7 ^^CH 2 CH 2 ^g^ C ^C-Hg^TFP 



4.0 



as the compounds of the formula (II), 



2.3 % 



C 5 H 1 1 -{h)— CH 2 CH 2 — (jiy-DFP 



7.7 



C 5 H 1 1 ~~{h}-COO~^^F 



1.8 % 



C ? H 1 5 — (h)-COO^@)— F 



2.0 % 



as the compounds of the formula (III), 
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5 



10 



15 



20 



25 



30 



35 




3.0 % 



1.5 % 



3.0 % 



3.0 % 



2.2 % 



3.0 % 



0.6 % 



40 

c ^-^)-~®- coo --(^)-^ 0.6 % 

as the compounds of the formula (IV), 



50 



55 
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3-7 % 



C 3 H 7-<E^ CH 2 CH 2-^ 



: 3 H 7 K5M^-C^C-H@>-C3H 7 



3.8 % 



as the compounds of the formula (V), 



3.8 % 



'2 n 5 



2.2 % 



as another compound, 



3.0 % 



Example 27 

A liquid crystal composition consisting of the following compounds was prepared: 
as the compounds of the formula (I), 



C 2 H 5 -^h)-(h)— TFP 



15.5 % 
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C 2 H 5 -<J)-H^^CH 2 CH 2 -<T>_TFP 



as the compounds of the formula (II), 



C y H 1 5 — ^H^— DFP 



C 5 H 1 — (h^— CH 2 CH 2 — DFP 



as the compound of the formula (III), 



C 5 H 11-<h)-{h)-DFP 



as the compounds of the formula (IV), 
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.7 % 



-0 % 



3.6 



Example 28 

A liquid crystal composition consisting of the following compounds was prepared: 
as the compounds of the formula (I), 

C 2 H 5 --(h)-(h)-TFP 14.3 % 

C 3 H 7~Kh)~(h)--TFP 14.3 % 

C 5 H 11-(h}-(h}-TFP 14.3 % 

S h 7 H^ch 2 ch 2 ^h)-<h)~- TF p 4 0 % 

as the compounds of the formula (II), 

C 3 H 7-(EHOV- CF 3 2.3 % 

C 5 H 1 1 ~(h)-CH 2 CH 2 — DFP 7.7 % 
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C 5 H 1 1 ~<5)-COO— <0>-F 



1.8 % 



C 7 H 1 5 — (h)-COO— @>— F 



2.0 % 



as the compounds of the formula (III), 



C 2 H 5~ H <5)- CH 2 CH 2-<5)— DFP 3.0 % 



20 



C 3 U 7~^)— CH 2 CH 2 -H(T>— DFP 



1 .5 % 



C 5 H 11"K^)^ CH 2 CH 2HS ) ^* DFP 3 -° % 



3.0 % 



2.2 % 



3.0 % 



50 



C 3 H 7-H®-{H)-C00-^0^- F 



0.6 % 



C 5 H 1 1 -<S>-®^ CO °--®-F 



0.6 % 



as the compounds of the formula (IV), 
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3.7 % 



: 3 H ? -<H}-CH 2 CH 2 -^)-C^CHg>-C 2 H 5 3.7 % 



: 3 H 7-<S>-<^-CHC-<g>-C 2 H 5 



3.8 % 



as the compounds of the formula (V), 



C 3 H 7HSHgKOC 2 H 5 



3.8 % 



2.0 % 



C 3 H 7-<EKC^ C 4 H S 



3.0 % 



as another compound. 



2.2 % 



Claims 

1. A liquid crystal composition characterized in that it contains the following first component and second 
component: 

first component 

at least one member of compounds expressed by the formula (I): 



1 



R 1 — < A - Z 1 > a" < B - Z 2> m-^0>" S 2 




(I) 
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wherein R, represents an alky I group of 1 to 10C or an alkenyl group of 2 to 10C (wherein one or two 
not-adjacent carbon atoms in these groups may be replaced by oxygen atom, -CO- or -COO-), 

Si, S 2 and S 3 may be the same or different, and each represent F atom, -CHF 2 , -OCHF 2 , -GF 3 or 
-OCF 3t 

and Z 2 may be the same or different, and each represent -Z 3 -(C) n -Z4- (wherein Z 3 and Z 4 may 
be the same or different, and each represent -COO. -CH2CH2-. -CH = CH-, ethynylene group or single 
bond), -COO-, -CH 2 CH 2 -, -CH = CH-, ethynylene group or single bond, 

A, B and C may be the same or different, and each represent trans-cyclohexane ring: 



(wherein one or two not-adjacent -CH 2 -s in this ring may be replaced by oxygen atom), or benzene ring 



(wherein one or two or more =CH-s in this ring may be replaced by nitrogen atom, and hydrogen 
atom(s) in this ring may be replaced by fluorine atom(s)), 

t, m and n may be the same or different, and each are 0 or 1, and I + m +n£1), and 
second component 

at least one member of compounds expressed by the formula (II): 



wherein R 2 represent an alkyl group of 1 to 10C or an alkenyl group of 2 to 10C (wherein one or two 
not-adjacent two carbon atoms in these groups may be replaced by oxygen atom, -CO- or -COO-), 
Z 5 represents -COO-, -CH 2 CH 2 -, -CH = CH- or single bond, 
Xi represents F atom, -CF 3 , -OCF 3 or -CHF 2 , 
Yi represents H atom or F atom 

(wherein, when Z 5 represents single bond and Xi represents F, then Y1 cannot be H atom). 

A liquid crystal composition according to claim 1 , which further contains the following third component; 
third component 

at least ore member of compounds expressed by the formula (III) 



wherein 

R 3 is as defined in R1 of the formula (I), 

A is as defined in A of the formula (t), 

Z 6 represents -COO-, -CH 2 CH 2 -, -CH = CH- or single bond, 

Z 7 represents -COO-, -CH 2 CH 2 -, -CH = CH-, ethynylene group or single bond, 

Xz represents F atom, -CF 3 , -OCF 3 , -CHF 2 or -OCHF 2 , and 

Y 2 is as defined in Yi of the formula (II). 

A liquid crystal composition according to claim 2, which further contains the following fourth compo- 
nent, 






(id 
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fourth component 

at least one member of compounds expressed by the formula (IV): 



R 4-®- Z 8- A - Z 9-<§>-R5 (IV) 



wherein FU and R 5 may be the same or different and each are as defined in Ri of the formula (I), 
A is as defined in A of the formula (I), 

Zs represents -COO-, -CH2CH2-. -CH = CH- or single bond, and 

Z 9 represents -COO-, -CH2CH2-, -CH =CH-, ethynylene group or single bond. 

A liquid crystal composition according to claim 3, which further contains the following fifth component, 
fifth component 

at least one member of compounds expressed by the formula (V) 
Re - A - Z10 - B - R 7 

wherein Re and R 7 may be the same or different, and each are as defined in A of the formula (I), 
B is as defined in B of the formula (I), and 

Z10 represents -COO, -CH 2 CH2*. -CH = CH-, ethynylene group or single bond. 

A liquid crystal display element obtained using a liquid crystal composition according to either one of 
claims 1 to 4. 
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Driving 
circuit 



TFT 




Osci lloscope 



Liquid crystal cell 



7777 



F 1 G - 2 Circuit for measurement 

of retention 
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60 pi s 



5V 



V1 


Frequency 30 Hz 










VI 




V2 




1 1 
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X G . 3 Wave-form at measurement 

of retention 
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